Anil':', rity X^LX ^, fVb " '- 0 


C_L_JI-il i V INI- OKMAl ll_>M 


CONFIDENTIAL 


* : - 


RESEARCH MEMORANDUM 


AERODYNAMIC CHARACTERISTICS AT TRANSONIC SPEEDS OF A 
6d>° DELTA WING EQUIPPED WITH A CONSTANT-CHORD 

r 

i FLAP-TYPE CONTROL WITH AND WITHOUT 


AN UNSHIELDED HORN BALANCE 


TRANSONIC -BUMP METHOD 

By Harleth G. Wiley and Leon Zontek 

Langley Aeronautical Laboratory 
Langley Field, Va. 


M 

tq 

ft? 

e 

p-i 

& 


* CLASSIFIED DOCUMENT “ 

TfaU matadal confainti infonraHn n aCacHng tha Hattona! Dafaaaa of tha Etalted Stataa within tha meaning 
of the aspic mi* l*wm, Title 18, U.S.C., Sac*. 70S and 794, tha traaamlaalon or revelation of which In any 
manner to unauthorized paraoa la prohibited by law. 


f I 

I s 

8 

I 


NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 


WASHINGTON 

September 16, 1952 


UNCLASSIFIED 


CONFIDENTIAL 



' ■ r> 


lASSJFIED 


1K 


NACA RM L51H22 .. - *J_176 01436 tig? 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


RESEARCH MEMORANDUM 


AERODYNAMIC CHARACTERISTICS AT TRANSONIC SPEEDS OF A 
60° DELTA WING EQUIPPED WITH A CONSTANT-CHORD 
FLAP -TYPE CONTROL WITH AND WITHOUT 
AN UNSHIELDED HORN BALANCE 


TRANSONIC -BUMP METHOD 
By Harleth G. Wiley and Leon Zontek 


SUMMARY 


An investigation to determine the control hinge moments and effec- 
tiveness at transonic speeds of a delta wing equipped with a constant- 
chord flap-type control with and without an unshielded triangular horn 
Balance was made in the Langley high-speed 7- "by 10-foot tunnel by means 
of the transonic -bump method. The wing was a semispan model with 60° of 
sweepback at the leading edge, an aspect ratio of 2 . 31 * a taper ratio 
of 0, and an NACA 65-006 airfoil section parallel to the free air stream. 
The Mach number range investigated varied from 0.6 to 1.18; the mean 
Reynolds numbers varied from 1,100,000 to 1,400,000. 

The data Indicated that the horn -balance control was consistently 
more effective in changing lift at all Mach numbers than was the plain 
control but there was no appreciable difference in pitching -moment 
ef f ectivene s s . 

Use of the triangular horn balance materially reduced the variation 
of hinge -moment coefficients with control deflection at all Mach numbers 
investigated and produced large positive values of C ^, at subsonic 

speeds tending toward zero at supersonic speeds . 

INTRODUCTION 


As part of an integrated program of transonic research carried on 
by the National Advisory Committee for Aeronautics, a semispan model of 


c8fcS®SKIIAL 





2 


NACA RM L51H22 


a delta wing with 60° of sweepback at the leading edge, with an NACA 
65-006 airfoil section, and with various control-surface configurations 
is being investigated by the transonic -bump method in the Langley high- 
speed 7- by 10-foot tunnel. 

The results of an investigation of the model of a 60° delta wing 
with a triangular control having a skewed hinge axis and an overhang 
balance are given in reference 1. Presented in this paper are the 
results of an investigation of the model of the delta wing equipped with 
a constant -chord plain control, and with the control fitted with a large 
unshielded triangular horn balance. The purpose of the investigation 
was to determine and compare the control hinge moments and control- 
effectiveness parameters of the two configurations. 
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COEFFICIENTS AND SYMBOLS 
lift coefficient 




ice lift of semispan model) 
qS / 


pitching-moment coefficient referred to 0.25c 
' Twice -pitching moment of semlsnan model\ 

qS<T ) 


C 


control hinge-moment coefficient about hinge axis 
/ Hinge moment' * 


/ Hinge momentX 

v smi* ; 

effective dynamic pressure over span of model, pounds 
per square foot ^ pV 2 ^ 

twice wing area of semi span model (0.144 sq ft) 
twice span of semispan model (0-578 ft) 

L , \ 

mean aerodynamic chord of wing ^j| J c^dy , 0-333 ft J 


spanwiBe distance from plane of symmetry, feet 
local wing chord, feet 

area moment of control surface rearward of hinge axis, 
measured about hinge axis (0.00144 ft 3) 
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P 

V 

M 

Ma 


mass density of airj slugs per cubic foot 
average free-stream air velocity, feet per second 
effective Mach number over span of model 
average chordwise Mach number 

local Mach number 


R 


Reynolds number of wing based on c 


a 


angle of attack, degrees 


5 control deflection relative to wing-chord plane, measured 

perpendicular to control hinge axis (positive when 
trailing edge is down) , degrees 



The subscript a indicates that the angle of attack 
was held constant at a = 0°. 


The subscript 5 indicates that the control deflection 
was held constant at 5 = 0°. 


MODEL AND APPARATUS 


Separate wing models were used for each control configuration. The 
semispan wings had 60 ° of sweepback at the leading edge, 0° sweep at 
the trailing edge, a taper ratio of 0, an aspect ratio of 2 . 31 * and an 
NACA 65-006 airfoil section parallel to the free air stream. A sketch 
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of the models as mounted on th® transonic hump is presented in figure 1. 
The wings were made of a bismuth and tin alloy bonded to a tapered steel 
core . Wing contours were generated by straight-line elements from the 
tip to the airfoil section at the root. 

Both controls were similar rearward of the hinge line in that they 
had a constant chord equal to 20 percent of the root chord of the wing. 
The area rearward of the hinge line was 36 percent of the total wing 
area. The unshielded horn balance, triangular in shape, was mounted at 
the tip and the area was 4l percent of the control area rearward of the 
hinge line (fig. l) . Both controls had two support hinges: one about 

1/3 span outboard on the wing and the other concealed in the housing 
of the bump. 

The models were mounted on an electrical strain -gage balance which 
was enclosed within a chamber in the bump The balance chamber was 
sealed except for a small rectangular clearance hole in the turn table 
through which an extension of the wing core passed. This hole was 
covered by a curved wing-root end plate, attached directly to the wing 
spar (fig. 1) and mounted approximately 1/16 inch above, and parallel 
to, the surface of the bump. 

The wing lift, pitching moments, and control hinge moments were 
indicated by a calibrated electrical potentiometer. 


TESTS 


The tests were made in the Langley high-speed 7- "by 10-foot tunnel 
utilizing an adaption of the NACA wing-flow technique for obtaining 
transonic speeds. The technique used involves placing the model in the 
high-velocity flow field generated over the curved surface of a bump 
as described in reference 2. 

Typical contours of the local Mach number distribution over the 
test area of the bump with the model removed are shown in figure 2. 

The contours indicate that there was a Mach number variation of about 
0.04 over the wing semispan at low Mach numbers and about 0.05 at the 
higher Mach numbers . The maximum chordwise Mach number variation was 
about 0.03- No attempt has been made to evaluate the effects of these 
chordwise and spanwise Mach number variations. The long dashed lines 
near the root of the wing indicate a local Mach number approximately 
5 percent below the maximum value and represent the estimated thick- 
ness of the bump boundary layer. The effective test Mach number was 
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obtained from contour charts similar to those presented in figure 2 by 
using the relationship 


/2 

cMg^ dy 


The variation of mean Reynolds number vith Mach number is presented 
in figure 3 and varied from about 1,100,000 to about 1,400,000 . The 
boundaries on the figure are an indication of the possible range in 
Reynolds number caused by variations in test conditions. 

Force and moment data were obtained through a Mach number range 
of 0.6 to 1 . 18 , an angle -of -attack range of -2° to 8°, and a control- 
deflection range of -10° to 10° for the plain control and -10° to 7° 
for the horn -balance control. 



CORRECTIONS 


The lift and pitching moments represent data for the complete wing 
with controls mounted on both semispans. Aerodynamic effects on the 
wing of the attached' end plate are unknown and consequently cannot be 
taken into account. The effects of the plate on lift, pitching moment, 
and control hinge moment are believed to be negligible . The controls 
and the wing proper, when statically loaded to anticipated air-load 
limits, were found to have negligible deflection in torsion and bending; 
therefore, no corrections for flexibility were applied. 


RESULTS 


The variations of lift, pitching -moment , and hinge -moment coeffi- 
cients with control deflections for the angle -of -attack range at Mach 
numbers of 0.6, 1.00, and 1.18 for the plain control are presented in 
figures 4 to 6. Similar data for the balanced control are presented in 
figures 7 to 9* Figures 10 and 11 present the variation of lift, pitching- 
moment, and hinge -moment coefficients with control deflections at zero 
angle of attack through the Mach number range for the plain and balanced 
controls, respectively. 

The variation of hinge -moment coefficient at zero control 

deflection with angle of attack at each Mach number investigated Is pre- 
sented for both controls in figure 12, and a similar chart of lift coeffi- 
cient C L is presented in figure 13 . 
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Hinge-moment and control-effectiveness parameters are presented in 
figures l4 and 15 and were taken from figures 4 to 13 over a range of 
angle of attack or control deflection of ±2°. 

Although the models employed symmetrical airfoil sections, asymmetry 
of data is apparent in figures 4 to 11. This asymmetry can be attri- 
buted to small inaccuracies in construction and to slight errors in 
setting angle of attack and control deflections during the tests. 


DISCUSSION 

Longitudinal Characteristics 


Examination of figure l4 indicates that the horn -balance control 
was 40 to 80 percent more effective in producing changes in lift 
throughout the Mach number range than was the plain control, as might 
be expected because of the increased control area. Although both 
controls exhibited loss in lift effectiveness above M = 0.95, there 
was no appreciable difference In pitching-moment effectiveness for the 
two controls. The low value of pitching -moment effectiveness of the 
balanced control, which occurs In spite of the increase in lift effec- 
tiveness, is probably caused by a simultaneous forward movement of the 
center of pressure. The variations of lift and pitching moment with 
control deflection were more linear for the balanced control than for 
the plain control. 


Hinge -Moment Characteristics 

The plain control exhibited negative values of throughout the 

Mach number range, as seen in figures 12 and 15. Addition of the trian- 
gular horn balance resulted in positive values of C^ at subsonic 

speeds and approximately zero at supersonic speeds. 

Examination of the hinge-moment parameter for the plain 

control (fig. l4) reveals a negative increase with Mach number up to 
M = 0.97 with a sharp reversal and consequent decrease in the transonic 
speed range . Use of the horn balance on the control materially reduced 
the hinge moments at all speeds and obtained aerodynamic balance at 
Mach numbers less than M = 0.8. 
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The large positive values of C-u of the horn control can he 

“a 

explained by consideration of the location of the center of lift. The 
design of the horn was dictated by the requirement that C- ^ be zero 

at all Mach numbers. An elliptical spanwise loading was assumed as 
predicted in reference 3 with the center of lift at the center of wing 
area or at 0.50c. Reference 4 shows, however, that the center of lift 
of a delta wing is nearer 0 . 40c" at a Mach number of 0.6, indicating a 
general forward shift in local section centers of lift and explaining 
the overbalance with angle of attack at low Jfech numbers . The center of 
lift then moves rearward with increase in t&ch number until it approaches 
the theoretical position of 0 . 50 c" at and above sonic velocities with 
the consequent reduction in overbalance and the subsequent attainment 
of virtually complete aerodynamic balance with angle of attack at 
supersonic speeds . 

The rearward shift in center of lift with increase in Mach number 
is also the reason for the high negative increase in C^g above a 

Mach number of 0.8 as presented in figure l4. At Mach numbers less 
than 0.8, the aerodynamic load and center of lift of the horn were such 
as to balance the hinge moment of the control rearward of the hinge 
line. Increase in Mach number progressively shifted the local center 
of lift of the horn and control rearward, thus promoting a large negative 
increase in for the control surface . 


Comparison with Other Delta -Wing Control Investigations 


The plain control tested and described in this paper is generally 
similar to the constant-chord controls tested on other delta wings 
described in references 4 to 6. The physical characteristics and control 
parameters of the plain control of this paper and of the reference 
papers are presented in figure l6. 


Examination of hinge -moment parameters C^ for the four controls 

shows fair qualitative agreement in that C-u increases with Mach 

■ LL 6 

number up to sonic speeds with a general tendency to decrease above 
M = 1.0. 


The greatest discrepancy in trends in the comparisons of the char- 
acteristics of the delta wings and plain controls of this paper and the 
reference papers appears in the lift-effectiveness parameters C L g- 

Data obtained by the transonic -bump technique of this paper and by the 
rocket -powered model of reference 6 are in good agreement and the same 
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general trend of decrease In with Mach number Is exhibited In 

reference 4. The data of reference 5 show a slight increase in Cj^ 
with Mach number in the subsonic range. 

Curves of against Mach number show the same qualitative 

trend of increasing values with increase in Mach number up to M a 1.0 
with a decrease beginning near a Mach number of unity. 

CONCLUDING REMARKS 


The results of an Investigation on a 60° delta-wing model equipped 
with a constant -chord control with and without unshielded horn balance 
showed that the horn-balance control was more effective in producing a 
change in lift throughout the transonic Mach number range than was 
the plain control. Differences in pitching moment for the plain 
and horn-balance controls were negligible . 

Application of the horn balance to the control overbalanced the 
control to give high positive values of the hinge-moment coefficient 
with angle of attack C^ In the subsonic speed range and essentially 

zero hinge moments with angle of attack above a Mach number of 1.0. 

Use of the balance materially reduced the values of Ch at all speeds, 

actually obtaining aerodynamic balance at Mach numbers less than 0.8. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va . 
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Figure 1.- General arrangements of 6o° swept delta-wing models, aspect 
ratio 2,31, NACA 65 -OO 6 airfoil having a 0.20 -constant-chord flap- 
type control with and vitiiout an unshielded triangular horn balance. 
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Vertical distance Vertical distance 

above bump, in. above bump, in. 




Station on bump, in. 


Station on bump, in. 


Figure 2.- Typical Mach number contours over transonic bump in region of 

model location. 
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-6 .7 .8 .9 (O U 1.2 

Mach number, M 

Figure 3.- Variation of test Reynolds number vlth Mach number for a 
60° delta wing tested on the transonic bump. 
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Figure It-.- Variation of aerodynamic characteristics with control deflection 
at various angles of attack for a $0° delta wing having a 0.20-constant- 
chord flap-type control. M = 0.60. 
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cteriatics with control deflection 
lelta wing having a 0. 20 -const ant - 
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Control deflection ,s,deg 


Figure 8.- Variation of aerodynamic characteristics with, control deflection 
at various angles of attack for a 60° delta wing having a 0.20 -constant - 
chord flap-type control with an unshielded triangular horn balance. 

M = 1.00. iq 


NACA EM L51H22 






Pitching-moment coefficient, C m Ljff coeffjciertt 




-!2 -8 -4 0 4 8 12 

Control deflection ,»,deg 


Figure 9*- Variation of aerodynamic characteristics with control deflection, 
at various angles of attack for a 60° delta wing having a 0.20 -constant- 
chord flap-type control with an unshielded triangular horn balance. 

M = 1.18. 
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Figure 11, - Variation of aerodynamic characteristics with control 
deflection at various Mach numbers for a 60° delta wing having a 
0. 20-constant -chord flap-type control with an unshielded triangular 
horn balance, a = 0°. 
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Figure 12. - Variation of hinge-moment coefficient vith angle of attack 
at various Mach numbers for a 6o° delta wing having a 0.20 -constant- 
chord flap-type control with and without an unshielded triangular M 

horn balance. 8 = 0°. 1-1 
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Figure 13.- Variation of 
60 ° delta wings 




Horn balance flap 
-Plain flap 
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Mach number ,M 

Figure lk.~ Variation of control parameters, and with, 

Mach number for a 60° delta wing having a 0.20 -constant -chord flap- 
type control with and, without an unshielded triangular horn balance . 
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Figure 15.- Variation of control parameter with Mach number for a 

6o° delta wing having a 0.20 -constant-chord flap- type control with and 
without an unshielded triangular horn balance. S = 0°. 
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Figure l6.- General comparison of lift effectiveness and hinge-moment 
parameter vith Mach number for constant-chord flap-type controls of 
several models over a flap-angle range of to 4°. a a 0°. 
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